Patients with diabetes currently comprise over 8% of the US population (over 25 million people) and more than 20% of hospitalized patients. 1, 2 Hospitalizations of patients with diabetes account for 23% of total hospital costs in the United States, 2 and patients with diabetes have worse outcomes after hospitalization for a variety of common medical conditions, [3] [4] [5] [6] as well as in intensive care unit (ICU) settings. 7, 8 Individuals with diabetes have historically experienced higher inpatient mortality than individuals without diabetes. 9 However, we recently reported that patients with diabetes at our large academic medical center have experienced a disproportionate reduction in in-hospital mortality relative to patients without diabetes over the past decade. 10 This surprising trend begs further inquiry.
Improvement in in-hospital mortality among patients with diabetes may stem from improved inpatient glycemic management. The landmark 2001 study by van den Berghe et al. demonstrating that intensive insulin therapy reduced postsurgical mortality among ICU patients ushered in an era of intensive inpatient glucose control. 11 However, follow-up multicenter studies have not been able to replicate these results. [12] [13] [14] [15] In non-ICU and nonsurgical settings, intensive glucose control has not yet been shown to have any mortality benefit, although it may impact other morbidities, such as postoperative infections. 16 Consequently, less stringent glycemic targets are now recommended. 17 Nonetheless, hospitals are being held accountable for certain aspects of inpatient glucose control. For example, the Centers for Medicare & Medicaid Services (CMS) began asking hospitals to report inpatient glucose control in cardiac surgery patients in 2004. 18 This measure is now publicly reported, and as of 2013 is included in the CMS Value-Based Purchasing Program, which financially penalizes hospitals that do not meet targets.
Outpatient diabetes standards have also evolved in the past decade. The Diabetes Control and Complications Trial in 1993 and the United Kingdom Prospective Diabetes Study in 1997 demonstrated that better glycemic control in type 1 and newly diagnosed type 2 diabetes patients, respectively, improved clinical outcomes, and prompted guidelines for pharmacologic treatment of diabetic patients. 19, 20 However, subsequent randomized clinical trials have failed to establish a clear beneficial effect of intensive glucose control on primary cardiovascular endpoints among higher-risk patients with longstanding type 2 diabetes, [21] [22] [23] and clinical practice recommendations now accept a more individualized approach to glycemic control. 24 Nonetheless, clinicians are also being held accountable for outpatient glucose control. 25 To better understand the disproportionate reduction in mortality among hospitalized patients with diabetes that we observed, we first examined whether it was limited to surgical patients or patients in the ICU, the populations that have been demonstrated to benefit from intensive inpatient glucose control. Furthermore, given recent improvements in inpatient and outpatient glycemic control, 26, 27 we examined whether inpatient or outpatient glucose control explained the mortality trends. Results from this study contribute empirical evidence on real-world effects of efforts to improve inpatient and outpatient glycemic control. 
METHODS

Participants and Data Sources
We included all adult, nonobstetric discharges from YNHH between January 1, 2000 and December 31, 2010. Repeat visits by the same patient were linked by medical record number. We obtained data from YNHH administrative billing, laboratory, and pointof-care capillary blood glucose databases. The Yale Human Investigation Committee approved our study design and granted a Health Insurance Portability and Accountability Act waiver and a waiver of patient consent.
Variables
Our primary endpoint was in-hospital mortality. The primary exposure of interest was whether a patient had diabetes mellitus, defined as the presence of International Classification of Diseases, Ninth Revision codes 249.x, 250.x, V4585, V5391, or V6546 in any of the primary or secondary diagnosis codes in the index admission, or in any hospital encounter in the year prior to the index admission.
We assessed 2 effect-modifying variables: ICU status (as measured by a charge for at least 1 night in the ICU) and service assignment to surgery (including neurosurgery and orthopedics), compared to medicine (including neurology). Independent explanatory variables included time between the start of the study and patient admission (measured as days/365), diabetes status, inpatient glucose control, and long-term glucose control (as measured by hemoglobin A1c at any time in the 180 days prior to hospital admission in order to have adequate sample size). We assessed inpatient blood glucose control through point-of-care blood glucose meters (OneTouch SureStep; LifeScan, Inc., Milipitas, CA) at YNHH. We used 4 validated measures of inpatient glucose control: the proportion of days in each hospitalization in which there was any hypoglycemic episode (blood glucose value <70 mg/ dL), the proportion of days in which there was any severely hyperglycemic episode (blood glucose value >299 mg/dL), the proportion of days in which mean blood glucose was considered to be within adequate control (all blood glucose values between 70 and 179 mg/dL), and the standard deviation of mean glucose during hospitalization as a measure of glycemic variability. 28 Covariates included gender, age at time of admission, length of stay in days, race (defined by hospital registration), payer, Elixhauser comorbidity dummy variables (revised to exclude diabetes and to use only secondary diagnosis codes), 29 and primary discharge diagnosis grouped using Clinical Classifications Software, 30 based on established associations with inhospital mortality.
Statistical Analysis
We summarized demographic characteristics numerically and graphically for patients with and without diabetes and compared them using v 2 and t tests. We summarized changes in inpatient and outpatient measures of glucose control over time numerically and graphically, and compared across years using the Wilcoxon rank sum test adjusted for multiple hypothesis testing.
We stratified all analyses first by ICU status and then by service assignment (medicine vs surgery). Statistical analyses within each stratum paralleled our previous approach to the full study cohort. 10 Taking each stratum separately (ie, only ICU patients or only medicine patients), we used a difference-in-differences approach comparing changes over time in in-hospital mortality among patients with diabetes compared to those without diabetes. This approach enabled us to determine whether patients with diabetes had a different time trend in risk of in-hospital mortality than those without diabetes. That is, for each stratum, we constructed multivariate logistic regression models including time in years, diabetes status, and the interaction between time and diabetes status as well as the aforementioned covariates. We calculated odds of death and confidence intervals for each additional year for patients with diabetes by exponentiating the sum of parameter estimates for time and the diabetes-time interaction term. We evaluated all 2-way interactions between year or diabetes status and the covariates in a multiple degree of freedom likelihood ratio test. We investigated nonlinearity of the relation between mortality and time by evaluating first and second-order polynomials.
Because we found a significant decline in mortality risk for patients with versus without diabetes among ICU patients but not among non-ICU patients, and because service assignment was not found to be an effect modifier, we then limited our sample to ICU patients with diabetes to better understand the role of inpatient and outpatient glucose control in accounting for observed mortality trends. First, we determined the relation between the measures of inpatient glucose control and changes in mortality over time using logistic regression. Then, we repeated this analysis in the subsets of patients who had inpatient glucose data and both inpatient and outpatient glycemic control data, adding inpatient and outpatient measures sequentially. Given the high level of missing outpatient glycemic control data, we compared demographic characteristics for diabetic ICU patients with and without such data using v 2 and t tests, and found that patients with data were younger and less likely to be white and had longer mean length of stay, slightly worse performance on several measures of inpatient glucose control, and lower mortality (see Supporting Table 1 in the online version of this article).
To explore the effects of dependence among observations from patients with multiple encounters, we compared parameter estimates derived from a model with all patient encounters (including repeated admissions for the same patient) with those from a model with a randomly sampled single visit per patient, and observed that there was no difference in parameter estimates between the 2 classes of models. For all analyses, we used a type I error of 5% (2 sided) to test for statistical significance using SAS version 9.3 Table 1 for demographic characteristics).
Mortality Trends Within Strata
Among ICU patients, the overall mortality rate was 9.9%: 10.5% of patients with diabetes and 9.8% of patients without diabetes. Among non-ICU patients, the overall mortality rate was 0.8%: 0.9% of patients with diabetes and 0.7% of patients without diabetes. Among medical patients, the overall mortality rate was 2.9%: 3.1% of patients with diabetes and 2.8% of patients without diabetes. Among surgical patients, the overall mortality rate was 1.4%: 1.8% of patients with diabetes and 1.4% of patients without diabetes. Figure 1 shows quarterly in-hospital mortality for patients with and without diabetes from 2000 to 2010 stratified by ICU status and by service assignment. Table 2 describes the difference-in-differences regression analyses, stratified by ICU status and service assignment. Among ICU patients (Table 2 , model 1), each successive year was associated with a Table 2 , model 2), each successive year was associated with a 7.5% relative reduction in the adjusted odds of mortality (OR: 0.925, 95% CI: 0.909-0.940) for patients without diabetes compared to a 9.6% relative reduction for those with diabetes (OR: 0.904, 95% CI: 0.879-0.929); this greater decline in odds of adjusted mortality of 2.3% per year (OR: 0.977, 95% CI: 0.946-1.008; P 5 0.148) was not statistically significant.
We found greater decline in odds of mortality among patients with diabetes than among patients without diabetes over time in both medical patients (3.9% greater decline per year; OR: 0.961, 95% CI: 0.942-0.980) and surgical patients (4.5% greater decline per year; OR: 0.955, 95% CI: 0.918-0.994), without a difference between the 2. Detailed results are shown in Table 2 , models 3 and 4.
Glycemic Control
Among ICU patients with diabetes (N 5 14,364), at least 2 inpatient point-of-care glucose readings were available for 13,136 (91.5%), with a mean of 4.67 readings per day, whereas hemoglobin A1c data were available for only 5321 patients (37.0%). Both inpatient glucose data and hemoglobin A1c were available for 4989 patients (34.7%). 
Mortality Trends and Glycemic Control
To determine whether glucose control explained the excess decline in odds of mortality among patients with diabetes in the ICU, we restricted our sample to ICU patients with diabetes and examined the association of diabetes with mortality after including measures of glucose control.
We first verified that the overall adjusted mortality trend among ICU patients with diabetes for whom we had measures of inpatient glucose control was similar to that of the full sample of ICU patients with diabetes. Similar to the full sample, we found that the adjusted excess odds of death significantly declined by a relative 7.3% each successive year (OR: 0.927, 95% CI: 0.907-0.947; Table 3 , model 1). We then included measures of inpatient glucose control in the model and found, as expected, that a higher percentage of days with severe hyperglycemia and with hypoglycemia was associated with an increased odds of death (P < 0.001 for both; Table 3 , model 2). Nonetheless, after including measures of inpatient glucose control, we found that the rate of change of excess odds of death for patients with diabetes was unchanged (OR: 0.926, 95% CI: 0.905-0.947).
We then restricted our sample to patients with diabetes with both inpatient and outpatient glycemic control data and found that, in this subpopulation, the adjusted excess odds of death among patients with diabetes relative to those without significantly declined by a relative 4.2% each progressive year (OR: 0.958, 95% CI: 0.918-0.998; Table 3 
DISCUSSION
We conducted a difference-in-difference analysis of inhospital mortality rates among adult patients with diabetes compared to patients without diabetes over 10 years, stratifying by ICU status and service assignment. For patients with any ICU stay, we found that the reduction in odds of mortality for patients with diabetes has been 3 times larger than the reduction in odds of mortality for patients without diabetes. For those without an ICU stay, we found no significant difference between patients with and without diabetes in the rate at which in-hospital mortality declined. We did not find stratification by assignment to a medical or surgical service to be an effect modifier. Finally, despite the fact that our institution achieved better aggregate inpatient glucose control, less severe hyperglycemia, and better long-term glucose control over the course of the decade, we did not find that either inpatient or outpatient glucose control explained the trend in mortality for patients with diabetes in the ICU. Our study is unique in its inclusion of all hospitalized patients and its ability to simultaneously assess whether both inpatient and outpatient glucose control are explanatory factors in the observed mortality trends.
The fact that improved inpatient glucose control did not explain the trend in mortality for patients with diabetes in the ICU is consistent with the majority of the literature on intensive inpatient glucose control. In randomized trials, intensive glucose control appears to be of greater benefit for patients without diabetes than for patients with diabetes. 31 In fact, in 1 study, patients with diabetes were the only group that did not benefit from intensive glucose control. 32 In our study, it is possible that the rise in hypoglycemia nullified some of the benefits of glucose control. Nationally, hospital admissions for hypoglycemia among Medicare beneficiaries now outnumber admissions for hyperglycemia. 27 We also do not find that the decline in hemoglobin A1c attenuated the reduction in mortality in the minority of patients for whom these data were available. This is concordant with evidence from 3 randomized clinical trials that have failed to establish a clear beneficial effect of intensive outpatient glucose control on primary cardiovascular endpoints among older, high-risk patients with type 2 diabetes using glucoselowering agents. [21] [22] [23] It is notable, however, that the population for whom we had available hemoglobin A1c results was not representative of the overall population of ICU patients with diabetes. Consequently, there may be an association of outpatient glucose control with inpatient mortality in the overall population of ICU patients with diabetes that we were not able to detect. The decline in mortality among ICU patients with diabetes in our study may stem from factors other than glycemic control. It is possible that patients were diagnosed earlier in their course of disease in later years of the study period, making the population of patients with diabetes younger or healthier. Of note, however, our risk adjustment models were very robust, with C statistics from 0.82 to 0.92, suggesting that we were able to account for much of the mortality risk attributable to patient clinical and demographic factors. More intensive glucose management may have nonglycemic benefits, such as closer patient observation, which may themselves affect mortality. Alternatively, improved cardiovascular management for patients with diabetes may have decreased the incidence of cardiovascular events. During the study period, evidence from large clinical trials demonstrated the importance of tight blood pressure and lipid management in improving outcomes for patients with diabetes, [33] [34] [35] [36] guidelines for lipid management for patients with diabetes changed, 37 and fewer patients developed cardiovascular complications. 38 Finally, it is possible that our findings can be explained by an improvement in treatment of complications for which patients with diabetes previously have had disproportionately worse outcomes, such as percutaneous coronary intervention. 39 Our findings may have important implications for both clinicians and policymakers. Changes in inpatient glucose management have required substantial additional resources on the part of hospitals. Our evidence regarding the questionable impact of inpatient glucose control on in-hospital mortality trends for patients with diabetes is disappointing and highlights the need for multifaceted evaluation of the impact of such quality initiatives. There may, for instance, be benefits from tighter blood glucose control in the hospital beyond mortality, such as reduced infections, costs, or length of stay. On the outpatient side, our more limited data are consistent with recent studies that have not been able to show a mortality benefit in older diabetic patients from more stringent glycemic control. A reassessment of prevailing diabetes-related quality measures, as recently called for by some, 40 ,41 seems reasonable.
Our study must be interpreted in light of its limitations. It is possible that the improvements in glucose management were too small to result in a mortality benefit. The overall reduction of 25 mg dL achieved at our institution is less than the 33 to 50 mg/dL difference between intensive and conventional groups in those randomized clinical trials that have found reductions in mortality. 11, 42 In addition, an increase in mean glucose during the last 1 to 2 years of the observation period (in response to prevailing guidelines) could potentially have attenuated any benefit on mortality. The study does not include other important clinical endpoints, such as infections, complications, length of stay, and hospital costs. Additionally, we did not examine postdischarge mortality, which might have shown a different pattern. The small proportion of patients with hemoglobin A1c results may have hampered our ability to detect an effect of outpatient glucose control. Consequently, our findings regarding outpatient glucose control are only suggestive. Finally, our findings represent the experience of a single, large academic medical center and may not be generalizable to all settings.
Overall, we found that patients with diabetes in the ICU have experienced a disproportionate reduction in in-hospital mortality over time that does not appear to be explained by improvements in either inpatient or outpatient glucose control. Although improved glycemic control may have other benefits, it does not appear to impact in-hospital mortality. Our realworld empirical results contribute to the discourse among clinicians and policymakers with regards to refocusing the approach to managing glucose inhospital and readjudication of diabetes-related quality measures.
